Being Cordyceps militaris (L.) Link recognized as a medicinal and edible mushroom, this work intends to reveal new interesting bioactive molecules that could be isolated from this species. Hydrophilic and lipophilic compounds were analysed by chromatographic techniques coupled to different detectors. The methanolic extract of C. militaris was tested for its antioxidant, antibacterial, antifungal and anti-proliferative properties in different human tumor cell lines. Mannitol (2.01 g/100 g dw) and trehalose (24.71 g/100 g) were the free sugars found in C. militaris. Polyunsaturated fatty acids (68.87%) predominated over saturated fatty acids (23.40%) and δ-tocopherol was the only isoform of vitamin E detected (55.86 µg/100 g). The organic acids found in this mushroom were oxalic, citric and fumaric acids (0.33, 7.97 and 0.13 g/100g, respectively). p-Hydroxybenzoic acid was the only phenolic acid quantified in this species (0.02 mg/100 g); although cinnamic acid was also found (0.11 mg/100 g). The methanolic extract of C. militaris proved to inhibit lipid peroxidation, have reducing power and scavenge free radicals. This extract also revealed strong antibacterial and antifungal properties. Finally, the C. militaris extract was able to inhibit the proliferation of MCF-7 (breast), NCI-H460 (non-small lung), HCT-15 (colon) and HeLa (cervical) human carcinoma cell lines.
Introduction
The Cordyceps genus is well known for its medicinal properties. A number of bioactive constituents from Cordyceps species have been reported such as antimicrobial, antiinflammatory, antioxidant/antiaging, immunomodulatory or antitumor agents (Das et al., 2010) . Cordyceps militaris (L.) Link is an entomopathogenic fungus (an obligatory parasite that grows on insects or insects larvae) that has been broadly used as a crude drug and a folk tonic food in East Asia (Ying et al., 1987) .
The main active constituent of C. militaris fruiting bodies is cordycepin, a derivative of the nucleoside adenosine. This molecule was first isolated from C. militaris (Cunningham et al., 1950) and it is now produced synthetically since it has insecticidal, antibacterial and antitumor properties (Paterson and Russell, 2008) . Other compounds with pharmacological activity have been isolated from C. militaris such as ergosterol (a sterol present in fungi) and polysaccharides that provide anti-inflammatory, antioxidant, antitumor, anti-metastatic, immunomodulatory, hypoglycaemic, steroidogenic and hypolipidaemic activities (Ng and Wang, 2005) . In fact, Cordyceps polysaccharides have been extensively studied. Zhong et al. (2008) have tested polysaccharides from C. militaris in tumor models (S180-bearing mice) and verified that they inhibited the tumor growth and decreased toxic effects of chemotherapy. Lee and Hong (2011) demonstrated that the polysaccharides extracted from the fruiting bodies of this species have a potent immunostimulating activity and also suppressed the in vivo growth of a solid tumor (melanoma) in an experimental mouse model.
The anti-inflammatory activity and anti-proliferative properties of other extracts or compounds from C. militaris (including cultivated strains and mycelium) were studied 8 (equipment described in section 2.3.2). Detection was carried out in a PDA using 280 nm as the preferred wavelength (Reis et al., 2012b) . The phenolic compounds were characterized according to their UV and mass spectra and retention times, and comparison with authentic standards when available. The identified phenolic acids were quantified by comparison of the area of their peaks recorded at 280 nm with calibration curves obtained from commercial standards of each compound. The recoveries were 94, and 91% for p-hydroxybenzoic and cinnamic acid, respectively. The results were expressed in µg per 100 g of dry weight.
Chemical characterization of the fruiting bodies in lipophilic compounds

Fatty acids
Fatty acids were determined after a transesterification procedure performed with the oil obtained by soxhlet extraction: fatty acids were methylated with 5 ml of methanol:sulphuric acid:toluene 2:1:1 (v:v:v) , during at least 12 h in a rotating bath at 50 ºC and 160 rpm; then 3 ml of deionized water were added, to obtain phase separation; the FAME (fatty acids methyl esters) were recovered with 3 ml of diethyl ether by shaking on vortex, and the upper phase was dried with anhydrous sodium sulphate; the sample was recovered in a vial with Teflon stopper, and before injection the sample was filtered with 0.2 µm nylon filter from Millipore. The analysis was performed using a gas chromatographer (DANI 1000) equipped with a split/splitless injector and a flame ionization detector (GC-FID) and a Macherey-Nagel column (30 m×0.32 mm ID×0.25 µm d f ). The oven temperature program was as follows: the initial temperature of the column was 50 ºC, held for 2 min, then a 30ºC/min ramp to 125 ºC, 5ºC/min ramp to 160 ºC, 20ºC/min ramp to 180 ºC, 3ºC/min ramp to 200 ºC, 20ºC/min ramp to 220 ºC and held for 15 min. The carrier gas (hydrogen) flow-rate was 4.0 ml/min (0.61 bar), measured at 50 ºC. Split injection (1:40) was carried out at 250 ºC and the volume of injection was 1 µl. Fatty acid identification was made by comparing the relative retention times of FAME peaks from sample with standards. The results were recorded and processed using CSW 1.7 software (DataApex 1.7) (Reis et al., 2012a) . The results were expressed in relative percentage of each fatty acid.
Tocopherols
BHT solution (100 µl) and IS solution (tocol, 250 µl) were added to the sample prior to the extraction procedure. The lyophilized sample (~500 mg) was homogenized with methanol (4 ml) by vortex mixing (1 min). Subsequently, hexane (4 ml) was added and again vortex mixed for 1 min. After that, saturated NaCl aqueous solution (2 ml) was added, the mixture was homogenized (1 min), centrifuged (5 min, 4000g) and the clear upper layer was carefully transferred to a vial. The sample was re-extracted twice with hexane. The combined extracts were taken to dryness under a nitrogen stream, redissolved in 1 ml of hexane, dehydrated with anhydrous sodium sulphate, filtered through a 0.22 µm disposable LC filter disk, transferred into a dark injection vial and analysed by HPLC (equipment described in section 2.3.1), and a fluorescence detector (FP-2020; Jasco) programmed for excitation at 290 nm and emission at 330 nm. Data were analysed using Clarity 2.4 Software (DataApex). The chromatographic separation was achieved with a Polyamide II (250×4.6 mm) normal-phase column from YMC Waters (Japan) operating at 35ºC. The mobile phase used was a mixture of hexane and ethyl acetate (70:30, v/v) at a flow rate of 1 ml/min, and the injection volume was 20 µl (Heleno et al., 2010) . The compounds were identified by chromatographic comparisons with authentic standards. Quantification was based on the fluorescence signal response of each standard, using the IS method and by using calibration curves obtained from commercial standards of each compound. The recoveries were 95, 89, 92 and 91% for α-, β-, γ-and δ-tocopherol, respectively. The results were expressed in µg per 100 g of dry weight.
Extract preparation for bioactivity evaluation
The lyophilized sample (1 g) was extracted by stirring with 40 ml of methanol for 1 h and subsequently filtered through Whatman No. 4 paper. The residue was then extracted with 20 ml of methanol for 1 h. The combined methanolic extracts were evaporated at 40ºC (rotary evaporator Büchi R-210) to dryness and re-dissolved in a) methanol for antioxidant activity assays (20 mg/ml), b) 5% solution of DMSO in distilled water for antimicrobial activity assays (100 mg/ml), and c) distillated water for anti-proliferative assays (8 mg/ml).
Evaluation of the antioxidant activity of C. militaris methanolic extract
Successive dilutions were made from the stock solution and submitted to in vitro assays already described by Reis et al. (2012b) to evaluate the antioxidant activity of the samples. The sample concentrations (mg/ml) providing 50% of antioxidant activity or 0.5 of absorbance (EC 50 ) were calculated from the graphs of antioxidant activity percentages (DPPH,β-carotene/linoleate and TBARS assays) or absorbance at 690 nm (ferricyanide/Prussian blue assay) against sample concentrations. Trolox was used as a positive control.
Folin-Ciocalteu assay
One of the extract solutions (5 mg/ml; 1 ml) was mixed with Folin-Ciocalteu reagent (5 ml, previously diluted with water 1:10, v/v) and sodium carbonate (75 g/l, 4 ml). The tubes were vortex mixed for 15 s and allowed to stand for 30 min at 40 ºC for color development. Absorbance was then measured at 765 nm (Analytikjena spectrophotometer; Jena, Germany). Gallic acid was used to obtain the standard curve and the reduction of the Folin-Ciocalteu reagent by the samples was expressed as mg of gallic acid equivalents (GAE) per g of extract.
Ferricyanide/Prussian blue assay
The extract solutions with different concentrations (0.5 ml) were mixed with sodium phosphate buffer (200 mmol/l, pH 6.6, 0.5 ml) and potassium ferricyanide (1% w/v, 0.5 ml). The mixture was incubated at 50 °C for 20 min, and trichloroacetic acid (10% w/v, 0.5 ml) was added. The mixture (0.8 ml) was poured in a48 wells plate, mixed with deionized water (0.8 ml) and ferric chloride (0.1% w/v, 0.16 ml), and the absorbance was measured at 690 nm in ELX800Microplate Reader (Bio-Tek Instruments, Inc; Winooski, USA).
DPPH radical-scavenging activity
This methodology was performed using the Microplate Reader mentioned above. The 
Inhibition of β-carotene bleaching or β-carotene/linoleate assay
A solution of β-carotene was prepared by dissolving β-carotene (2 mg) in chloroform (10 ml). Two milliliters of this solution were pipetted into a round-bottom flask. The chloroform was removed at40 °C under vacuum and linoleic acid (40 mg), Tween 80 emulsifier (400 mg), and distilled water (100 ml) were added to the flask with vigorous shaking. Aliquots (4.8 ml) of this emulsion were transferred into test tubes containing different concentrations (0.2 ml) of the extract. The tubes were shaken and incubated at 50 °C in a water bath. As soon as the emulsion was added to each tube, the zero time absorbance was measured at 470 nm. β-Carotene bleaching inhibition was calculated using the following equation: (Absorbance after2 h of assay/ initial absorbance)×100.
Thiobarbituric acid reactive substances (TBARS) assay
Porcine (Sus scrofa) brains were obtained from freshly slaughtered animals, dissected, and homogenized with Polytron in an ice cold Tris-HCl buffer (20 mM, pH 7.4) to produce a 1:2 w/v brain tissue homogenate which was centrifuged at 3000 g for10 min.
An aliquot (100 µl) of the supernatant was incubated with the different concentrations of the sample solutions (200 µl) in the presence of FeSO 4 (10 mM; 100 µl) and ascorbic acid (0.1mM; 100 µl) at 37 °C for 1 h. The reaction was stopped by the addition of trichloroacetic acid (28% w/v, 500 µl), followed by thiobarbituric acid (TBA, 2%, w/v, 380 µl), and the mixture was then heated at 80 °C for 20 min. After centrifugation at 3000 g for 10 min to remove the precipitated protein, the color intensity of the malondialdehyde (MDA)-TBA complex in the supernatant was measured by its absorbance at 532 nm. The inhibition ratio (%) was calculated using the following formula: Inhibition ratio (%)=[(A−B)/A]×100%, where A and B were the absorbance of the control and the sample solution, respectively.
Evaluation of the antimicrobial activity of C. militaris methanolic extract
Successive dilutions were made from the stock solution and submitted to antibacterial and antifungal assays.
Antibacterial activity
The following Standard drugs, namely streptomycin and ampicillin were used as positive controls. 5%
DMSO was used as negative control.
Antifungal activity
For the antifungal bioassays, the following microfungi were used: Aspergillus fumigatus 
Evaluation of the anti-proliferative activity of C. militaris methanolic extract
Successive dilutions were made from the stock solution and tested against five human tumor cell lines: MCF-7 (breast adenocarcinoma), NCI-H460 (non-small cell lung cancer), HCT-15 (colon carcinoma), HeLa (cervical carcinoma) and HepG2
(hepatocellular carcinoma).Cells were routinely maintained as adherent cell cultures inRPMI-1640 medium containing 10% heat-inactivated FBS (MCF-7,NCI-H460 and HCT-15) and 2 mM glutamine or in DMEM supplemented with 10% FBS, 2 mM glutamine, 100 U/ml penicillin and 100 mg/ml streptomycin (HeLa and HepG2 cells), at 37ºC, in a humidified air incubator containing 5% CO 2 . Each cell line was plated at an appropriate density (7.5×10 3 cells/well for MCF-7, NCI-H460 and HCT-15 or 1.0×10 4 cells/well for HeLa and HepG2) in 96-well plates and allowed to attach for 24 h. Cells were then treated for 48h with the different diluted sample solutions. Following this incubation period, the adherent cells were fixed by adding cold 10% trichloroacetic acid (TCA, 100 µl) and incubated for 60 min at 4ºC. Plates were then washed with deionized water and dried; sulforhodamine B solution (0.1% in 1% acetic acid, 100 µl) was then added to each plate well and incubated for 30 min at room temperature. Unbound SRB was removed by washing with 1% acetic acid. Plates were air dried, the bound SRB was solubilised with10 mM Tris (200 µl, pH 7.4) and the absorbance was measured at 540 nm (Monks et al., 1991) in the microplate reader mentioned above. The results were expressed in GI 50 values (sample concentration that inhibited 50% of the net cell growth). Ellipticine was used as positive control.
Evaluation of hepatotoxicity of C. militaris methanolic extract
A cell culture was prepared from a freshly harvested porcine liver obtained from a local slaughter house. It was designed as PLP2. Briefly, the liver tissues were rinsed in
Hank's balanced salt solution containing 100 U/ml penicillin and 100 µg/ml streptomycin and divided into 1×1 mm 3 explants. Some of these explants were placed in 25 cm 2 tissue flasks in DMEM supplemented with 10% fetal bovine serum, 2 mM nonessential amino acids and 100 U/ml penicillin, 100 mg/ml streptomycin and incubated at 37 ºC with a humidified atmosphere containing 5% CO 2 . The medium was changed every 2 days. Cultivation of the cells was continued with direct monitoring every 2-3 days using a phase contrast microscope. Before confluence, cells were subcultured and plated in 96-well plates at a density of 1.0×10 4 cells/well, and cultivated in DMEM medium with 10% FBS, 100 U/ml penicillin and 100 µg /ml streptomycin (Abreu et al., 2011). Cells were treated for 48 h with the different diluted sample solutions and the same procedure described in the previous section for SRB assay was followed. The results were expressed in GI 50 values (sample concentration that inhibited 50% of the net cell growth). Ellipticine was used as positive control.
Statistical treatment
Three samples were used and all the experiments were carried out in triplicate. The results are expressed as mean values and standard deviation (SD).
Results and discussion
The results obtained for the quantification of free sugars are presented in Table 1 The levels found (of both polyol and sugar) are in agreement with other studies, where these molecules were found in higher amounts in C. militaris fruiting bodies from Taiwan, despite other sugars also have been quantified, specifically arabinose, fructose and ribose (Huang et al., 2006) . The mentioned sugars were not identified in the sample herein studied ( Figure 1A) .
The organic acid found in higher amounts was citric acid (7.97 g/100 g dw; Table 1) . It was also possible to quantify oxalic acid (0.33 g/100 g dw) and fumaric acid (0.13 g/100 g dw) ( Figure 1B ). Citric and fumaric acids play an important role in the Krebs cycle, being essential for human metabolism, but they have much more applications; citric acid is a crystal thickener in bones (Hu et al., 2010) and fumaric acid possesses interesting biological effects such as anti-inflammatory, neuroprotective and chemopreventive activities. It also acts as an antimicrobial agent for fruit and vegetable preservation (Baati et al., 2011) .Regarding phenolic acids, p-hydroxybenzoic acid was the only compound found in the studied species (0.02 mg/100g dw). However, cinnamic acid was also found (0.11 mg/100g dw; Table 1 ) ( Figure 1C) . Phenolic acids are composed of hydroxycinnamic and hydroxybenzoic acids. They have antioxidant activity as chelators and free radical scavengers with special impact on hydroxyl and peroxyl radicals, superoxide anions and peroxynitrites (Carocho and Ferreira, 2013) , hence the importance of their detection in biological sources.
The main fatty acids found in this mushroom species were palmitic acid (C16:0), stearic acid (C18:0), oleic acid (C18:1n9) and linoleic acid (C18:2n6) (Table 2; Figure 2A ).
Other studies evaluate the fatty acids profile in different Cordyceps species (wild and cultivated), from different regions, and described similar profiles (Yang et al., 2009 ).
Polyunsaturated fatty acids (68.87% of total FA) predominated over saturated fatty acids (23.40% of total FA) and monounsaturated fatty acids (7.73% of total FA) due to the higher levels of linoleic acid (68.00% of total FA; Table 2 ). Zhou et al. (2009) stated that unsaturated fatty acids content reaches 57.84% in Cordyceps species, the linoleic acid content being the highest one, followed by oleic acid. The saturated fatty acids content was 42.16%, palmitic and octadecanoic acids content being the highest.
This way, the results obtained are similar to those reached by other research groups (Zhou et al., 2009) . Unsaturated fatty acids are effective physiologically active components, which decrease blood lipids and protect against cardiovascular disease (Zhou et al., 2009) . Therefore, C. militaris proved to be a source of the so called "good fat".
Vitamin E is composed of eight isoforms, with four tocopherols (α-tocopherol, β-tocopherol, γ-tocopherol and δ-tocopherol) and four tocotrienols (α-tocotrienol, β-tocotrienol, γ-tocotrienoland δ-tocotrienol). This vitamin halts lipid peroxidation and is the only major lipid-soluble chain breaking antioxidant found in plasma, red cells and tissues, allowing the protection of the integrity of lipid structures, mainly membranes (Burton and Traber, 1990) . In the studied sample, δ-tocopherol was the only isoform identified (55.86 µg/100 g dw; Table 2 ; Figure 2B ).
There are no studies available specifically with the vitamin E, organic and phenolic acids profiles of C. militaris; so the present work offers new information about the biomolecules profile of this species, and increases the knowledge about the compounds with pharmacological interest that could be extracted from C. militaris.
Analyzing the results presented for the antioxidant potential (Table 3) , the methanolic extract of C. militaris revealed the lowest EC 50 value for lipid peroxidation inhibition (1.05 mg/ml). The highest EC 50 value was verified in DPPH radical-scavenging activity (12.17 mg/ml) and also in Folin-Ciocalteu assay (15.04 mg GAE/g). Pereira et al. Concerning the antibacterial activity (Table 4) , the methanolic extract of C. militaris revealed the highest antibacterial potential against Bacillus cereus (MIC-0.015 mg/ml; MBC-0.03 mg/ml) and Pseudomonas aeruginosa (MIC-0.015 mg/ml; MBC-0.03 mg/ml). The most resistant bacterium to the effect of the extract was Salmonella typhimurium (MIC-3.00 mg/ml; MBC-6.25 mg/ml). In the cases of Bacillus cereus and Pseudomonas aeruginosa, the extract possessed higher activity than the commercial antibiotics streptomycine and ampicilline. Regarding the antifungal activity (Table 5) , the highest inhibitory potential was verified for Aspergillus species (MIC-0.04 mg/ml).
The highest fungicidal activity was equally expressed on Penicillium funiculosum, Penicillium ochrochloron and Trichoderma viride (MFC-0.17 mg/ml). The lowest inhibitory and fungicidal activity was revealed for Penicillium verrucosum var cyclopium (6.25 and 12.5 mg/ml). Comparing the antifungal activity of bifonazole and ketoconazole to the investigated extract, activity of the latter was more efficient for
Penicillium ochrochloron, Penicillium funiculosum and Trichoderma viride.
Ahn et al. (2000) reported that culture filtrates and methanol extracts of C. militaris and its constituent, cordycepin, had strong growth-inhibiting activity towards Clostridium species, but had no adverse effects on the growth of eight lactic acid producing bacteria.
Interestingly, the methanol extract of C. militaris was sequentially partitioned into hexane, chloroform, ethyl acetate, butanol and water portions, and only the ethyl acetate and butanol fractions had strong growth inhibitory activity. Little data is available on the antifungal activity of Cordyceps species, with only ophiocorin isolated from C.
ophioglossoides known to have antifungal activity (Kneifel et al., 2004) . Nevertheless, there are other studies that deal with antimicrobial properties of natural matrices, in which the individual components are correlated to their antimicrobial activity (López et al., 2005; López et al., 2007; Goñi et al., 2009) . Therefore, C. militaris was shown to be a rich source of natural bioactive compounds that can be correlated to its antimicrobial activity.
Currently, only a limited number of antifungal agents are available for the treatment of fungal infections. The C. militaris extract that was active against major food-borne pathogens, plant, animal, mushroom and human pathogenic species, may be used as an alternative to synthetic chemicals that are being applied in mushroom and plant cultivation, food production, and pharmacy, to prevent and cure the most important diseases. It is also a candidate for future studies of synergism, compatibility, and activity in food or food-processing systems.
The results obtained for the anti-proliferative activity of the methanolic extract of C.
militaris are presented in Table 6 . The lowest GI 50 value was obtained for non-small lung human carcinoma cell line (NCI-H460; 47.79 µg/ml). The tested extract also inhibited the proliferation of breast (MCF-7; 90.11 µg/ml), colon (HCT-15; 72.57 µg/ml) and cervical (HeLa; 66.32 µg/ml) human carcinoma cell lines. At the mentioned concentrations, the extract did not show toxicity against non-tumor liver primary cells (PLP2; GI 50 =114.74 µg/ml). The studied mushroom proved not to inhibit the proliferation of human hepatocellular carcinoma cell line (HepG2), up to 400 µg/ml.
Other studies stated that C. militaris was able to inhibit the growth of different tumor cell lines, such as the colon cancer cell line Colon 205 (Rao et al., 2010) or the human lung carcinoma A549 cells (Park et al., 2009b) .
Conclusions
This study provides new data concerning the isolation and chemical characterization of Table 6 . Anti-proliferative activity of the methanolic extract of Cordyceps militaris (mean ± SD; n=3).
GI 50 values correspond to the extract concentration achieving 50% of growth inhibition in human tumor cell lines or in liver primary culture PLP2.
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